The natural gas consuming sectors in Bangladesh are: i) Power 
1. . I In nt tr ro od du uc ct ti io on n
Natural gas is the most important fuel for Bangladeshboth in terms of energy and diversity of use. Bangladesh Oil, Gas and Mineral Resources Corporation (Petrobangla) is entrusted with the responsibilities of the gas and coal sectors of Bangladesh. Subsidiaries under Petrobangla are responsible for exploration, production, transmission, distribution and marketing of natural gas to the end users.
The consumption figures by the broad sectors are easily available because these are regularly reported in various reports and literature. However, further breakdown of the data are hard to find, and are not reported regularly. There is a perception in the society that introduction of CNG and large amount of wastage in the domestic sector significantly contributed to the gas shortage. In reality, however, the power sector is the largest single consumer of natural gas. It is followed by the fertilizer sector.
The combined consumption of fertilizer, industry and captive power sectors is a significant portion of national gas consumption. All other sectors are relatively smaller. Fertilizer sector remained static for a long time, while the rapid industrialization has resulted in remarkable growth in the gas demand of the industrial sector. The increase in demand in the captive generation is almost parallel to that in the industrial sector. Therefore the industrial sector needs more indepth analysis to understand the relative impacts and trends of various industries on the gas consumption and future demands.
Identifying each industry, grouping them in some consistent manner, and tallying their consumption figures over a period of time is a daunting task, given the state of data management practice by the local oil and gas industry. This paper presents for the first time an in-depth analysis of the industrial sector consumption growth over the period from 2001 to 2005 (Rahman, 2007) . In this work the definition of the industrial sector was widened to include fertilizer and captive power sectors. 
Natural Gas Consumption
In Bangladesh, natural gas is used for electricity generation, urea fertilizer production, industrial process heating, captive power generation, and household cooking. It is also being used in the transportation It is known that from 2008 onwards the nation faced gas shortage; even though gas production actually increased, it was not sufficient to meet the growing demand. To address the severe power crisis, the authorities temporarily shut down some of the large fertilizer factories and diverted the gas to the power plants. This should explain the negative trend in the fertilizer sector.
Some power plants also faced unscheduled shut downs due to technical problems and sometimes due to fuel shortage, which explains the negative trend in the power sector. The captive power sector came about when the utilities were not able to maintain power supply per demand of the industries. The authorities allowed the industrial entities to set up their own power plants and provided extra gas connections. Since then many industries opted for captive generation.
Thus the growth in captive generation was quite remarkable, and almost parallel to the industrial growth. This trend will continue if the grid power situation is not improved significantly. CNG was introduced and promoted by the government in 2005 to address the severe air pollution in Dhaka during the 90's. It had a modest beginning but quickly became popular. In the next 5 years its growth surpassed all predictions. It is however, expected that the CNG sector despite having dramatic rise will eventually flatten out due to market saturation and interventions like price hike, restriction on dispensing time, etc. The domestic sector should also slow down because the authorities have severely restricted gas connections to the domestic sectors. LPG is being promoted instead for household use. Similar measures are also applied to the industrial sector. These measures will remain in place until gas production and supply are significantly improved. These measures will adversely affect the natural growth trends of the related sectors.
The focus of the paper is the industrial sector, which is analyzed in the next section.
The Industrial Sector
Analysis presented in this section is based on the data available for the period 2001-2005 (Rahman, 2007) . Unfortunately the latest data was not available. Traditional reporting practice in Bangladesh is to aggregate all types of industries except the fertilizer in to a single group called the "Industrial" sector. The Fertilizer manufacturing is usually treated and reported as a separate sector because it had been the single largest consumer of natural gas. Power generation surpassed it in the mid-70's. The captive power generation is also usually treated and reported as a separate sector. Analysis presented in this paper includes three sectors: i) Fertilizer, ii) Industry, and iii) Captive power. Fertilizer, despite its size or role, is just another industry. It is the normal practice all over the world to provide grid power to the industries, which is usually done by the power utilities. In Bangladesh the scenario is quite different. As the utilities were not able to supply grid power as per demand of the industry, the use of captive power came about. It is not to say that every industrial unit has a captive generation unit as well, but it should be emphasized that wherever a captive generation unit exists, it is coupled to one or more industrial units. Therefore captive generation should be added to the industrial sector consumption. Industrial, fertilizer and captive sectors together consumed about 38% of the total gas during 2005-06, which was quite close to the power generation sector consumption to that time.
Therefore the consumption trends in the industrial sector must be critically analyzed to undertake any conservation, efficiency improvement, or UFG reduction measures to make a meaningful impact. The number and type of industries is quite large, which includes garments and textile, cement, ceramic and glass, metal processing, plastic and rubber, etc. There should be some consistent way to group these industries. The United Nations Framework Convention for Climate Change (UNFCCC) provides guidelines regarding the grouping of industries according to their activities, which was adopted in this paper. Table 2 shows the total natural gas consumption, i.e., including captive generation, by the different types of industries during the period 2000-01 to 2004-05. Table 2 and Fig. 2 that the total consumption is steadily rising. It is interesting to note that the consumption by the fertilizer industry remained somewhat steady, although as a single industry it is still the largest consumer. It was shown in Table 1 that fertilizer industry has actually gone down since 2005. The textile and leather group is steadily rising, and it is quite possible that it will surpass the fertilizer industry in the future. All other industries also showed moderate increase, while non-ferrous metal and machinery showed slightly decreasing trends. Non-Metallic Minerals 3%
Non-specified Industry 7%
Textile & Leather 31%
Fertilizer 49% small in comparison. However, some of these small consumers are energy intensive, such as the iron & steel (mainly steel re-rolling mills), cement, ceramic and glass (non-metallic minerals group). Therefore a relatively small increase in the number of these industries can have a significant impact on the overall scenario. It should be pointed out here that the textile & leather group is mostly export oriented, while the rest are mostly catering the domestic market. Although some ceramic product is exported, it is still quite small in comparison. There is a growing domestic market for cement, iron and steel, ceramic and glass, which is indicative of the rapid urban growth. Table 3 shows the gas consumption by the different types of industries for process heating. It includes gas burned in boilers, furnaces, kilns etc. It is not clear whether fertilizer industry have any captive generation. The gas consumption by the fertilizer industry is usually reported as the total amount, which includes the raw material feed gas as well as the gas for process heating requirements. These are not segregated neither reported separately. The authors made a calculation based on the chemical composition of urea, which indicated that about 30% of the gas is converted into fertilizer. Thus it was assumed that 70% gas is used up in process heating. Table 4 shows the gas consumption by the fertilizer industry. Table 5 shows the gas consumption for captive power generation. The textile and leather group consumed the highest amount of gas for captive power, maintaining a consistent trend with the process heating consumption for the same group as shown in table 3. All the other industries also showed moderately increasing trends. Fig. 4 shows the total natural gas consumption for process heating and captive power generation. Fig. 5 shows the same in a percentage representation. It shows that the share for captive generation by various industries increased from 13% to 23% of the total consumption. This trend is likely to continue unless power generation by the power utilities is boosted up and grid power is improved. Otherwise it will put extra pressure on the gas marketing companies to provide additional gas connection to increasing number of industrial units for captive generation. The captive generation to grid power will assume a high ratio, which is unusual for most countries. 
Consumption Intensity
The above discussion is incomplete without an understanding of the gas consumption intensity by different industries. From the data available, there were 1,577 units of garments, textile, knitting and dying units in 2005, consuming about 920 MMCM of gas for process heating only. Thus average consumption per unit was 0.58 MMCM/year. Captive generation is not included in this analysis because it is not known exactly which units were using captive generation, although individual counting showed 129 units consuming about 418 MMCM of gas. Cement, ceramic and glass industries are known to be highly energy intensive. Reliable data on cement factories were not available. There were only 31 ceramic plants consuming about 39 MMCM, i.e., 1.25 MMCM/unit/year. Only 5 glass factories consumed 2.83 MMCM, or 0.57 MMCM/unit. The highest consumer was still the fertilizer factories. Only 7 units consumed about 1,860 MMCM, or 266 MMCM/unit. These are however, large plants with high volume of output. The only measure that can be taken here is to improve specific gas consumption by setting up new fertilizer plants.
These numbers however, are not sufficient to formulate gas distribution or marketing policy. It will require more data including the total output, value generated/added, energy consumption per unit of product, profitability of the industry, mass employment opportunities, contribution to national GDP, etc. Table 6 shows the various local industries considered in this paper, with the corresponding grouping and code specified by UNFCCC. Unless new plants are set up, or existing plants are extended to implement new technology, the gas consumption trend will remain flat, and wasteful. Bangladesh is still a largely agrarian country, where the fertilizer plays a vital role. It is related to national food security. Therefore this sector must enjoy high priority. Immediate measures should be taken to renovate or install new plant so that more output is obtained from the same amount of gas.
Grouping of Industries
Natural gas consumption in the textile and leather industries is steadily rising. Captive power increased almost parallel to the industrial sector's growth. Most of these establishments are export oriented, and thus significantly contributing to the national GDP. They are also creating mass employment opportunity, which has both economical and social impacts. Given the cheap labor, cheap gas, and the international reputation, this sector is likely to grow steadily. Only problems like labor unrest, significant gas price hike, or gas supply shortfall might stop the growth trend.
Although consumption in the rest of the industries is much lower, the steady rise in most of them is noticeable. A well formulated policy should take into account not only gas consumption, but also consumption intensity, output, value generated or added, profitability, mass employment, and environmental impact. Some industries, especially the textile and leather group, cause significant damage to the environment by polluting air, water resources, and agricultural lands, which may far outweigh the benefits. Health hazards caused by polluting industries have far reaching consequences, which will eventually become a great national burden. Therefore, although this group is important for export earnings and mass employment, and therefore enjoy some preferential treatment, they must be brought under strict regulations regarding environmental impact. Finally, losing concerns, if any, should not be nurtured at the expense of valuable and scare national resource.
Some discussion is also relevant regarding the pricing of gas. Currently all industries are subject to the same tariff. It is worthwhile studying the share of energy cost in the overall costing of the products. For some industries the energy cost is quite small in the total costing of the product, whereas for some energy intensive industries the energy cost is quite significant. Therefore the authorities may think about formulating price structures according to the industry types, depending on the energy cost element in their respective products.
The above analysis and discussions should be useful to prioritize in case of gas supply shortage, when gas may need to be rationed, and tariff is restructured for different industry types.
Conclusion & Recommendations
Industry type based analysis of natural gas consumption is important to understand the nature and growth trends of various types of industries. Different industries impact the national economy in different ways. The type of analysis presented here is helpful for policy makers to prioritize the sectors in case preferential supply and tariff restructuring become necessary.
Fertilizer sector must be nurtured to ensure national food security. It requires energy efficiency measures and new plants with modern technology. Textile and leather group also deserve special attention, because it is mostly export oriented and therefore vital for national economy and mass employment. Other upcoming but highly energy intensive industries like ceramic, glass and cement need careful consideration as discussed in the preceding section. A thorough study of relationship between energy intensity, economic benefit and environmental impact of the high growth industries should be conducted before formulating a priority list for gas distribution. It is extremely difficult to collect industry wise consumption data given the prevailing data management practice. It will be a step forward if the MIS systems in the gas utilities are re-designed such that consumption by each individual customer and customer type is collected and reported. Another data collection system should be developed to capture the product yield, value generated or added, export and sale volumes, profitability, labor force, etc. With the modern database technology, this can be done fairly easily.
